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[57] ABSTRACT 

An amplifier loaded with a constant bandwidth tuned 
circuit is provided with an output series coil, and with a 
resistance in series with the output coil and a subsequent 
load to provide attenuation at high frequencies for 
maintaining the total overall gain of the amplifier and 
tuned circuit load constant with increasing frequency 
while simultaneously maintaining the bandwidth of the 
tuned circuit constant with increasing frequency. 

8 Claims, 1 Drawing Sheet 




INPUT 
FROM TUNED 
CIRCUIT 12 30 32 



09/10/2004, EAST Version: 1.4.1 



U.S. Patent 



May 28, 1991 



5,020,146 




FIG. 1 



22 oc 
j__25 

MIXERj-l^lF 



-24 



VT SW 



CHANNEL ~18 
SELECT 



I 



TUNER 
CONT. 



-20 



26 



FIG. 2a PRIOR ART 

36 



M 



G2j 

INPUT^ 
FROM TUNED 
CIRCUIT 12 





in A 




1 — Y y — ^ 



38 



-i- 30 32 42 



1 



MIXER 



22 



FIG. 2b 



26 



G2j 

INPUT 
FROM TUNED 
CIRCUIT 12 



/ 



D 
28 



X 



M 



36 

/ 38 44 



MIXER 



IF 



-i- 30 32 



09/10/2004, EAST Version: 1.4.1 



5,020,146 

1 2 

was the standard performance compromise which the 

LOSSY CONSTANT BANDWIDTH TUNED present invention overcomes. 

aRCUrr As used herein, television receiver(s) include appara- 
tus for processing television signals without regard to 

The present invention relates to radio frequency (RF) 5 whether they include a display device, e.g. television 

filters, and more particularly to tuned circuits used in sets, VCR, etc. 

television receivers. SUMMARY OF THE INVENTION 

Frequency selective tuned circuits are used before 
and after the RF amplifying stage of television receiv- Briefly, an amplifier loaded with a constant band- 
ers. In modem receivers these circuits employ voIUge 10 width tuned circuit is provided with an output series 
variable capacitance diodes (varactors) for electronic coit and a resistance in series with the output coil to 
tuning. If simple parallel tuned circuits using varactors provide attenuation for maintaining the total overall 
in shunt with a coil arc used in conjunction with a con- gain of the amplifier and tuned circuit load constant 
stant load resistance, then, as the varactor capacitance with increasing frequency while simultaneously main- 
changes in accordance with a tuning voltage applied taining the bandwidth of the tuned circuit constant with 
thereto, the bandwidth becomes larger as the tuning increasing frequency. 

frequency increases. This is undesirable as the possibil- DESCRIPTION OF THE DRAWINGS 
ity of interference from channels adjacent the desired 

channel increases * better understanding of the present invention, 

One solution to'the problem is shown in U.S, Pat. No. ^ reference may be had to the accompanying drawings 

3,628,152. In the arrangement shown therein, a pair of ^'l!/??": . , ^. 

coils are placed in series with the source and load re- ^}^: } ^^9^^ diagram of an exemplary tuner for 
spectivciy, and a parallel varactor controlled tuned ^ television receiver employing the present invention 
circuit is coupled between said coils and ground. The „ , ^9: ^ ^ schematic diagram of a double tuned 
coils cause the equivalent resistance of the antenna and television receiver RF amplifier used in the prior art. 
RF amplifier iTparallel with the tuned circuit to in- ^,^^9: ^^"^^^^^^^i*? ^^^S^/" the amphfier of 
crease as frequency increases. This causes the "Q" of ^ '"^^'^^^ to the present invention, 
the circuit to increase as frequency increases, thereby DETAILED DESCRIPTION OF THE 
maintaining substantially constant bandwidth with in- ^ PREFERRED EMBODIMENT 
creases in frequency of the tuned circuit However, this j^^^^^ ^^^^ ^^^^^^ ^^^^^^ 
arrangement suffers from inadequate attenuation as the ^^^^ ^^^^^^j^ ^^^^ ^^^^^ ^^^^^^ ^^^^^^^^^ PIO 
frequency of interest mcreases. ^ ^^^^^ ^„ ^^^^^^ 10 ^^^^^ television signal source 
In particular, the gam of an FET RF amplifier in- supplying radio frequency (RF) signals to a tuned cir- 
creases as the Uxncd circuit is tuned upwardly in fre- 35 feeding an RF amplifier 14 which in turn feeds a 
quency primarily for two reasons. Firstly, as the fre- ^^^^ ^^^^^^ ^^ich desirably is of a double tuned 
quency mcreases. the inductively generated impedance type in order to provide sufficient adjacent channel 
of the coil increases proportionately while the associ- signal rejection. Circuits 12 and 16 receive a tuning 
ated resistance remains the same. Secondly, the capaci- voltage (VT) for tuning said circuits by application of 
tance of adjusted varactor diodes decreases from their 40 the tuning voltage to internal varactor diode(s) (not 
original value when the resonant frequency of the cir- shown). Tuning voltage (VT) is derived from a tuner 
cuit increases since the resonant frequency is inversely control circuit 18 which in turn is controlled by a chan- 
proportional to the square root of their equivalent ca- nel selection circuit 20. The tuning voltage (VT) deter- 
pacitance. Thus, the capacitive reactance varies in- mines which one of the RF signals corresponding to a 
verseiy with both frequency and capacitance, i.e. their 45 television channel is selected by circuits 12 and 16 and 
reactance increases proportionaUy with frequency applied to RF amplifier 14 and mixer 22 respectively, 
while the internal resistance of the varactor diode re- xhe output signal from local oscillator 24 is applied to 
mains the same. Thus, the unloaded Q of the parallel mixer 22. The oscillation frequency of local oscillator 
resonant circuit increases with frequency and such in- 24 is also controlled by VT and is designed to be in the 
crease of the equivalent resistance of the tuned circuit at 50 range required for channels 2-13 and/or channels 14-69 
resonance with increasing frequency helps to maintain in the UHF range and/or channels A-W in the CATV 
constant bandwidth. However, the gain of the FET is range. Mixer 22 provides an output 25 as an IF signal in 
the product of the transconductahce of the device the range of 41-47 MHz which is the conventional 
(about 18.000 micromohs for currently used devices) intermediate frequency (IF) range in the United States, 
and the load resistance and as the equivalent resistance 55 The IF signal at the output 25 is then applied to conven- 
of the tuned circuit at resonance increases with fre-. tional IF and baseband circuits (not shown) of the re- 
quency, the gain of the RF amplifier also increases with ceiver for picture and sound processing, 
frequency (the transconductance of the FET remaining FIGS. 2a and 2b show the details of tuned circuit 16 
fairly constant). The net result is that since bandwidth is for a double tuned filter. However, the discussion here- 
proportional to the resonant frequency and inversely 60 inbclow for a double tuned filter is equally applicable to 
proportional to the Q. the bandwidth of circuit does not single tuned circuits commonly used in circuit 12. The 
substantially vary with its resonant frequency but the schematic of FIG. 2a shows a prior art circuit corn- 
gain does increase. To reduce this increase in gain, monly used. FIG. 2b shows a schematic of the prior art 
typically, resistors are placed in shunt across the parallel tuned circuit of FIG. 2a modified according to the 
tuned circuits of the tank circuit but this approach has 65 present invention. Referring now to FIGS. 2a and 2b. 
difficulties since as the resistance of the shunt resistor the signals from FET amplifier 26 are applied across 
decreases, the constant bandwidth properties of the varactor 28 in shunt with primary lank coil 30. Second - 
tuned circuit are also decreased. In the prior art, this ary tank coil 32 is tuned by varactor diode 34 such that 
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the tank circuit 36 is a double tuned tank with an appro- is approximately a linear function of frequency as de- 
priate amount of mutual coupling between coils 30 and sired for constant bandwidth. 

32. The tuning of double tuned tank circuit 36 is accom- For example, assume as a first approximation that at 
plishcd by application of tuning voltage VT (not the bottom of a band, the series reactance of coil 38 as 
shown) to varactor diodes 28 and 34 in a manner well 5 determined according to the teaching of the Carlson 
known in the art. Coil 38 in series with the output of patent is about 200 ohms and that the increase in gain 
secondary, tank coil 32 increases in impedance with between the low and high frequencies requires a series 
increasing frequency and thus helps to maintain con- resistance of 50 ohms to equalize gains into a 50 ohm 
stant bandwidth operation of the circuit as will be more load (the mixer input impedance), using the well known 
fuDy discussed hereinafter. 10 equations stated above, this would yield a parallel resis- 

In operation, as the selected channel increases in tance of 850 ohms with a Q of 4 at 50 MHz. At 100 
frequency, the voltage VT increases thus causing the MHz, the reactance becomes 400 ohms and the Q be- 
tank circuit 36 to resonate at progressively higher fre- comes 8 yielding a parallel resistance value of 45 times 
quencies (the capacitance of the varactor diodes 28 and 50 which equals 3200 ohms. Remembering that as we 
34 decreases). The tuned tank circuit 36 has the charac- 15 increase in frequency, the bandwidth is constant while 
leristic as discussed hereinabove that the load impe- Q increases with frequency. If we now using the equa- 
dance on RF amplifier 26 gets increasingly higher with tions to convert back to a series circuit, we use the 
increasing frequency such that equivalent load rcsis- equation No. 2 above to get the value of coil 38 and then 
tance of the parallel tuned circuit 36 increases because calculating the resistance of the Thevenin equivalent 
the "Q" of circuit 36 increases with increasing fre- 20 circuit we get a value of R44 (Rs) to add to the circuit 
quency while maintaining constant bandwidth. Coil 38 in scries with coil 38. We can now more closely approx- 
also attenuates high frequency signals since its scries imate the correct value of series inductor 38 as taught 
reactance increases with increasing frequency. by Carlson and adjust if necessary. Thus one can get the 

In the prior art, as shown in FIG. 2a and discussed same reflected load but with the introduction of gain 
hereinabove, resistors 40 and 42 are coupled across 25 loss to absorb power, thus keeping the overall gain 
primary coil 30 and secondary coil 32 respectively in fairiy constant (the gain of the amplifier and the tuned 
order to flatten out or reduce the gain increase of FET circuit loading the amplifier), i.e.. the signal amplitude 
amplifier 26 with increasing frequency. As discussed presented to the following stage such as a mixer has a 
hereinabove, this results in increasing the bandwidth similar gain slope with frequency increase except at 
with frequency which is a troublesome compromise. 30 lower gain levels without the compromise introduced 

The Carlson patent discussed hereinabove teaches by coupling the parallel resistances 40 and 42 across the 
how to achieve constant bandwidth of the double tuned tank circuit as discussed hereinabove, 
circuit 36 when used with the series inductance 38. Thus, using the conversion equations between 
Accordingly, Carlson, U.S. Pat. No. 3,628,152 of a Thevenin and Norton equivalents and their respective 
common assignee, is expressly incorporated by refer- 35 Q's, the inductance value of coil 38 can be adjusted for 
ence herein. However, Carlson does not overcome the proper bandwidth of the overall circuit, and the value 
gain problem discussed hereinabove, and to this end, of resistor 44 can thus be determined when considered 
resistor 44 is added in series with the load transforming in series with the secondary circuit's equivalent Theve- 
inductor 38 thus retaining the constant bandwidth oper- nin output resistance and the input resistance of the next 
ation of the circuit 36 with series inductor 28 while 40 stage resistance. 

being able to arbitrarily adjust the gain of the total Although the invention has been described in con- 
circuit by the addition of resistor 44 without degrading junction with a single conversion tuner, it may be also 
the constant bandwidth characteristics of the circuit as used with a double conversion tuner. Additionally, 
in the prior art shown in FIG. 2 by the addition of even though the exemplary embodiment is a double 
resistors 40 and 42. 45 tuned circuit, the equations used and the invention dis- 

The determination of the values of inductor 38 and closed is also applicable to single tuned circuits. Fur- 
resistor 44 is as follows: First, determine the load resis- ther, the gain change with increased frequency as dis- 
tance across the tuned circuit by the desired bandwidth cussed herein and overcome by the present invention 
and reactance for the tuning varactor diode. Second, includes compensating for gain changes between 
determine the excess gain that would be produced by 50 switched bands of the television RF tuner. In such a 
the Carlson matching technique using a lossless match case, resistor 44 can comprise a plurality of resistors in 
to the load. Thirdly, choose a series resistor (Rs in the series or parallel with each other as appropriate and 
equations) which will negate this excess gain when such resistors can be switched into and out of the circuit 
placed in series with the load, and Fourthly, compute when different bands of frequencies are tuned, 
the value of series inductance (Ls in the equations) 55 While there has been illustrated and described what is 
needed to transform the load resistance plus Rs to the at present considered to be a preferred embodiment of 
desired load across the tuned circuit in step 1 above. the present invention, it will be appreciated that numer- 

Parallel tuned circuit, e.g. tank 36, having a series coil ous changes and modifications are likely to occur to 
38 can be looked at circuit wise as an equivalent coil to those skilled in the art and it is intended in the appended 
ground. Such can be considered as conversion of a 60 claims to cover all those changes and modifications 
series (Thevenin) equivalent to a parallel (Norton) which fall within the true spirit and scope of the present 
equivalent. At resonance, the parallel tuned circuit can invention, 
be considered as a parallel equivalent resistance, given What is claimed is: 

by the ratio of (Q^-i- l)Rs=Rp (equation I) where Rs is 1. In a television tuner, a constant bandwidth, double 
the load resistor in the Carlson patent and is the equiva- 65 tuned circuit comprising: 

lent load resistance presented by the mixer circuit 22 a primary tank circuit comprising a first capacitor 
plus the separate series resistor 44. Since Q=Xs/Rs coupled in parallel with a first inductance for reso- 

(equation 2) or Q=Rp/Xp (equation 3), the resuhant Q nating at a first predetermined frequency, 
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a secondary tank circuit comprising a second capaci- 
tor means coupled in parallel with a second induc- 
tance for resonating at a second predetermined 
frequency, 

said first inductance and said second inductance hav- S 
ing a mutual coupling means therebetween, 

a third inductance coupled in series with the second 
inductance, and 

a resistance coupled in series with the third induc- 
tance and a subsequent circuit load having an input 10 
impedance, said resistance and said input impe- 
dance comprising a load for the primary and sec- 
ondary tank circuits, 

the value of the third inductance being selected for 
providing a constant bandwidth with increasing 15 
frequency signal transfer between the tank circuit 
and the subsequent circuit load, the value of the 
resistance being selected for adjusting the ampli- 
tude of the signal fed to the subsequent load with 
increasing frequency. 20 

2. The circuit of claim 1 wherein the third inductance 
is a constant bandwidth inductance. 

3. The circuit of claim 2 wherein the signal into the 
primary of the tank circuit is fed from a signal source 
and wherein the gain of the signal source loaded by the 25 
primary of the tank circuit increases with increasing 
frequency, the value of the resistance being selected for 
compensating for the increase of gain of the signal 
source with increasing frequency. 

4. The circuit of claim 3 wherein the signal source is 30 
a FET. each of the first capacitor means and the second 
capacitor means arc varactor diodes, the first and sec- 
ond predetermined frequencies being substantially the 
same. 

5. In a television tuner, a constant bandwidth, double 35 
tuned circuit comprising: 

a primary tank circuit comprising a first capacitor 
means coupled in parallel with a first inductance 
for resonating at a first predetermined frequency, 

a signal amplification source loaded by the primary of 40 
the tank circuit wherein the gain of the signal am- 
plification source is changeable with load, 

a secondary tank circuit comprising a second capaci- 
tor means coupled in parallel with a second induc- 
tance for resonating at a second predetermined 45 
frequency, 

said first inductance and said second inductance hav- 
ing a mutual coupling means therebetween, the 
signal into the primary of the tank circuit being fed 
from the signal amplification source^ 50 

a third inductance coupled in series with the second 
inductance, the third inductance being a constant 
bandwidth inductance, and 

a resistance coupled in series with the third induc- 
tance and a subsequent load, said resistance and 55 



subsequent load comprising a total load for the 
primary and secondary tank circuits, 
the value of the third inductance being selected for 
providing a constant bandwidth signal transfer 
with increasing frequency between the signal am- 
plification source and the subsequent load, the 
value of the resistance being selected for adjusting 
the amplitude of the signal fed to the subsequent 
load with increasing frequency. 

6. The circuit of claim 3 wherein the signal source is 
a FET, each of the first capacitor means and the second 
capacitor means are varactor diodes, the first and sec- 
ond predetermined frequencies being substantially the 
same. 

7. In a television tuner, a constant bandwidth tuned 
circuit comprising: 

a tank circuit comprising a capacitor means coupled 
in parallel with a first inductance for resonating at 
a predetermined frequency, 
a signal amplification source loaded by the primary of 
the tank circuit wherein the gain of the signal am- 
plification source changes with load, 
a second inductance coupled in series with the first 
inductance, the second inductance being a constant 
bandwidth inductance, 
a resistance coupled in series with the second induc- 
tance, said resistance and a subsequent load com- 
prising a total load for the tank circuit, 
the value of the second inductance being selected for 
providing constant bandwidth signal transfer with 
increasing frequency between the signal amplifica- 
tion source and the subsequent load, the value of 
the resistance being selected for adjusting the am- 
plitude of the signal fed to the subsequent load with 
increasing frequency, 
iB. In a television tuner, a constant bandwidth tuned 
circuit comprising: 
a tank circuit comprising a capacitor means coupled 
in parallel with a first inductance for resonating at 
a predetermined frequency, 
a second inductance coupled in series with the first 
inductance, the second inductance being a constant 
bandwidth inductance, and 
a resistance coupled in series with the second induc- 
tance, said resistance and a subsequent load com- 
prising a total load for the tank circuit, 
the value of the second inductance being selected for 
providing constant bandwidth signal transfer with 
increasing frequency between tank circuit and the 
subsequent load, the value of the resistance being 
selected for adjusting the amplitude of the signal 
fed to the subsequent load with increasing fre- 
quency. 
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